Analysis of natural radionuclides of phosphogypsum by Tayibi, Hanan et al.
5*""Édition des Journées Internationales des Géosciences de l'Environnement 
JIGE5: FES, les 13-15 Mai 2009 
CA85: Analysis of natural radionuclides of phosphogypsum 
H.Tayibi1 ,^ C. Gaseó2, N. Gemma Navarro2, A. López-Delgado1, M. Choura3, F. J. Alguacil1 and 
F. A. López1 
'National Centre for Metallurgical Research (CENIM), CSIC. Avda. Gregorio del Amo 8, E-28040 Madrid, Spain 
dentro de Investigaciones Energéticas, Medioambientales y Tecnológicas (CIEMAT). Avda. Complutense, 22.28040 Madrid, 
Spain 
3National Engineering School. Sfax University. Sfax, Tunisia 
E-mail: tavibi@cenim.csic.es 
Abstract: 
Introduction 
Phosphogypsum (PG) is an industrial residue from processing phosphate rock using the "wet acid" 
method to produce the phosphoric acid in fertilizer plants. PG is disposed of without any treatment 
and usually dumped in large stockpiles exposed to weathering processes, occupying considerable 
land áreas and causing serious environmental contamination of soils, water and the atmosphere, 
particularly in coastal regions. The main problem associated with the storage of PG is considerad to 
be the relatively high levéis of natural uranium-series radionuclides, thus the United States 
Environmental Protection Agency (USEPA) classified PG as a TENORM Technologically Enhanced 
Naturally Occurring Radioactive Material". 
This work attempts to determine the natural selected radionuclides contení belonging to uranium and 
thorium decay series and 40K in two different PG sources (from Spain (Fertiberia S.A., Huelva) and 
Tunisia (Sfax)). 
Material and methods 
Natural selected radionuclides belonging to uranium and thorium decay series and 40K have been 
quantified in both Tunisia and Huelva PG samples. 
Uranium was determined using two different methods i) gamma spectrometry with high-purity 
germanium detectors and ii) laser-induced kinetic phosphorimetry (KPA-11 Chemcheck Instruments 
Inc., Richland, WA). The polonium activity concentration was determined by alpha spectrometry. 
226Ra, 232Th, 210Pb and 40K were quantified by gamma spectrometry using an aliquot of 700 g and 
standard marinelli beakers. 226Ra and 232Th were determined through the photopeaks of their 
daughters, 214Bi (609 keV) and 228Ac (911.2 keV, 969.0 keV) respectively. 210Pb and 40K were 
measured directly from their gamma ray peaks, 46.5 keV and 1460.8 keV respectively. 
Results 
The results obtained from both techniques show that PG samples from Tunisia present a low natural 
radionuclíde levéis(30.7 Bq-kg-1 average valuéfor238U, 188Bqkg-1(226Ra), 163Bq-kg-'(210Pb), 12.4 
Bq-kg-1 (232Th)) compared to the level of PG samples from Huelva (86 Bq-kg-1 average valué for 238U, 
520 Bq-kg-'PRa), 881 Bqkg-1(21°Pb) and 8 Bq-kg-1 p2Th). 
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